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06jcclfves. The purpose of the present study was to assess the 
inlkttce of variations in lhe relative degtw ot dilatioa of loft and 
right wttricular chambers onthe clinical outcome of patients with 
dilated cardiimyopiby. 
Ratkgrord. Dilated cardiomyopntby. a primary myocardial 
diise characterized by vcntrlcular dilation and systolic dySrunc- 
tin, is gencr&y ssroeiated with il poor pmgnosis. Howerer, 
considerable variability bar been observed in the clinical court 
and the morphologic and hemodyttsmic features in individual 
patients. 
M&ad& We evaluated 67 cmtsecutive patients with dilated 
cardiomyopathy and without evidence of ischemic or primary 
valvdar hurt disease. On the b&s of dinstotic ventricular 
chamber area measanments obtained by e&cardiography, pa 
thnte were dassiiMl into two grwps: 38 patients with a relatively 
qual dcgep C: kfi and righl vent&alar dilation (LV=RV) and 
19 pptknts wltb predominant and disproportionate dilation of the 
left ventricle (LV>RV). 
Resdf.s. The 67 patients ranged in age from 19 to 81 years 
(mean 56); 49 (73%) were male. The two subsets ef patients with 
dilatst cardiamyopatby did not diier with ward to a& kt2 
ventricular diastolic dim&in, wall tbickncrs and - ur e&c- 
tion kacticn. However, patients in the LV-RV gmup showed 
ntore severe mitral and Iricuspid regurg&tiott by Doppkr e&c- 
cardiography than did these tn the LV>RV group (@ = 0.01 for 
mitral and O.t%t for tricuspid rqqitation). Over the f&w-np 
period ot-2 to40 manthr (mea0 zs), ttlerrnere DdenlBE. survint 
in the LV>RV grmp ws signitkaatly better than in tk LV-RV 
group (p = 0.03). 
detxmine whether these morph&@ s&sets itt fact npresettt a 
continuum within the disease spectrwm of d&&cd cardiomyctpa 
thy. 
(I Am Cdl Ccdid lYY3,21:64%54} 
Dilated cardiomyopathy. a primary myocardial disease char- 
acterized by dilation of the cardiac chambers and depressed 
systolic function, is generally associated with a poor prog 
nosis (I-7). However, considerable variability has been 
observed in the clinical course of individual patients (8-10). 
Although previous investigations (I.1 I-19) have identified 
several clinical, morphologic and hemodynamic variables 
that might serve as predictors of survival, few identiliab!e 
factors have been of consistent predictive value to be of 
prognostic importance in individual patients. We have ob- 
served considerable rnotphologic variability in patients with 
e: la&t F. Lewis. MD. Howucl Univenitv 
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dilated cardiomyopathy. In particular, although 1eR ventric- 
ular dilation is the most distinguishing feature of this disease, 
the relative degree ofdilation ofthe right ventricle appears to 
be more variable. The purpose of the present investigation 
was to determine whether the relative degree of left and right 
ventricular chamber dilation identified on two-dimensional 
echocardiognpby influences the overall clinical outcome in 
patients with dilated cardiomyopathy. 
Methods 
Patient selection. Records were reviewed of all patients 
evaluated in the Howard Universitv Hospital Echocardiog- 
rnphy Laboratory during the period Jar&y 1985 through 
June 1987 in compliance with the guidelines of the Instilu- 
tional Review Board. During this period, 98 consecutive 
patients were found to have left ventricular dilation (diastolic 
dimension 26.0 cm), global hypokinesia with depressed 
systolic performance (ejection fraction ~45%) and ILD evi- 
dence of I) primary valvnlar disease (either stenosis or 
Figure 1. T~odimezsional stop frame echacardio- 
graphic images in the apical four-chamber view from 
two study patients with dilated cardiomyopathy. 
A, From a &i-year old woman with a relatively equal 
degree of left (LV) and right (RI’) ventricular chamber 
dilation; the left vcntricularlrighi ventricular chamber 
area ratio is 1.9. B, From a 52.year old man with 
predominant and disproportionate dilation of the left 
venuicular chamber. The right ventricle in this patient 
appears relatively small; the left ventrtculnr/right YIR 
tricular chamber area ratio is 2.6. LA = left atrium; 
RA = right atrium. 
regurgitation secondary to an anatomically abnormal vafve); 
2) clinical, electrocardiographic, echocardiographic or an- 
eioPraohic evidence of mior mvocardial infarction (20): or 
5) &v&e uncontrolled s&temichvnertension (svstolic blood 
~I 
pressure 2 180 mm Hg) it the timeof the ech&rdiographic 
study. Of these 98 patients, 67 had two-dimensional echocar- 
diograms of adequate technical quality for quantitative as- 
sessment of left and right ventricular internal chamber areas 
and form the basis of the present investigation. 
The patients ranged in age from 19 to 81 years (mean 56); 
49 (73%) were male. Thirty-three patients had a history of 
mild to moderate systemic hypertension that was largely 
controlled at the time of echocardiography. Eleven patients 
had diabetes mellitus (non-insulin dependent in nine and 
insulin dependent in two). Twenty-one patients (31%) had 
undergone diagnostic cardiac catheterization because of 
either chest pain (8 patients) or congestive heart failure of 
new onset (13 patients); all 2t were found to have angio- 
graphically normal coronary arteries. Most patients (50 
[75%1 of 67) had severe cardiac symptoms (New York Heart 
kssociation functional classes Iii aid IV): 17 patients (25%) 
had only mild symptoms (functional class II). Patients were 
taking a variety of pharmacologic agents (among them, 
digoxin, diuretics, vasodilators [including hydralazine and 
angiotensin-converting enzyme inhibitors]). but no consis- 
tent protocol was employed. 
M-modeand two-dimensianal echocardiography. All stud- 
ies were performed with a commercially available ultrasound 
imaging system with Doppler capability (Hewlett-Packard 
model 77OZOAC) using a 2..5-MHz transducer. Two- 
dimensional echocardioeraohic studies were oerformed in 
multiple cross-sectional~laks in standard transducer posi- 
tions (21). Studies were recorded on 0.5-i”. (1.27 cm) video- 
tape for subsequent review and analysis, 
The aairal fou. chamber view was obtained bv olacina _ _. 1 
the transducer at or lateral to the apical impulse and rotating 
the transducer so that both right and let? ventricular internal 
chamber areas were maximized. Internal chamber area of 
the left and right ventricles at end-diastole (selected as 
maximal cavity size) was obtained by tracing the endocardial 
horders directly from the video monitor with an off-line 
computer system (MicroSonics DatavuelBM PC 1240). 
Left ventricular chamber area was also traced at end-systole 
(smallest cavity size). Left ventricular end-diastolic and 
end-systolic volumes were determined from the ventricular 
chamber area obtained in the apical fourechamber view by 
using Simpson’s rule algorithm. Left venttictdar ejection 
fraction was calculated from the diastolic and systolic ven- 
tricular volumes. No attempts were made to determine 
absolute right ventricular volume because ofthe difficulty of 
making this assessment by standard echocardiographic tecb- 
niques. Thus, for the purpose of this study, right ventricular 
size was expressed relative to left ventricular size, that is. 
the ratio of the left ventricular chamber area to the right 
ventricular chamber area. 
Echocardiographic dara in a reference group of22 nor- 
mal he&y volunreers were used to establish a normal range 
for the ratio of ventricular areas: ratio of let? ventricular to 
right ventricular chamber area in these 22 subjects was 1.2 to 
2.6 and was 12.0 in 20 (91%) of the 22. On the basis of this 
information, the 67 study patients were classified into two 
morphologic subsets: 38 patients with a relatively equal 
degree of IeA and tight ventricuku chamber enlargement 
(diastolic chamber area of the left ventricle <2.0 times right 
ventricular area, LV=RV group) and 29 patients with pre- 
dominant and disproportionate dilation of the left ventricle 
(diastolic chamber area of the left ventricle 22.0 times right 
ventricular area, LV>RV group) (Fig. I). 
M-mode stud& were derived fmm the two-dimensional 
image under direct anatomic visualization. Chamber dimen- 
sions and wall thickness were measured according to the 
recommendations of the American Society of Echocardiog 
raphy (22). Letl ventricular mass was calculated by using the 
formula of Devereux et al. (23) and was normalized by 
dividing mass by body surface area. An index of wall stress 
was catculated fmm the product of the systolic blood pres- 
sure and left ventricular radius/thickness ratio. 
Doppler ahocardingrapby. The presence and severity of 
mitral and tricuspid regurgitation were determined by Dopp 
lerechgcardiography (pulsed Doppler mapping in 42 patients 
and color low imaging in 25) with standard techniques 
(24,25). In brief, for pulsed Doppler studies, the presence 
and severity of mitral or tricuspid regurgitation here deter- 
mined by placing the sample volume in the atrium proximal 
to the appropriate atrioventricular valve to detect the pres- 
ence of holosysrolic frequency dispersion. Ctieful interro- 
gation (mapping) of the atrial chamber was performed to 
determine the extent of the systolic dispersion. In patients 
undergoing color low imaging, the sector was placed over 
the left or right atrium to detect high velocity (mosaic) cola: 
Row during systole. 
Because of the known limitations of Doppler echocardi- 
oggn>hy in quastitating mitral regurgitation. for the purposes 
of this study we considered regurgitation mifdto rnoderarc d 
the holosystolic frequency dispersion or color mosaic either 
was absent or fitled less than half the atrium. and beware if 
the regurgitant systolic Row-velocity filled at least one half of 
the atrial chamber (26). The degree of mitral and tricuspid 
regurgitation was assessed in both parasternal and apical 
views and the largest regurgitant area was judged to reprc- 
sent the severity of regurgitation. 
Continuous wove Doppler echocardiography was per- 
formed by using a I.9-MHz nonvisualizing transducer placed 
at the lower left slemal border or at the apical impulse and 
directed medially to obtain the maximal velocity of the 
tricuspid regurgitant jet. Fmm the maximal jet, the pulmo- 
nary artery systolic pressure was calculated by using rcgres- 
Sian equations reported by Curtic et al. (27). 
Statistical m&b&. The univariate and multivariate sta- 
tistical analyses were performed by using a mainframe 
version of SAS (Statistical Analvsis Svstem of SAS Insti- 
tute, Incl. Quantitative results are expressed as mean 
value f 1 SD. The level of significance was set al 0.05. 
Patient groups were compared by using an unpaired 
two-tailed Student L test for continuous variables. The Ire- 
queacy distributions of noncontinuous variables were com- 
pared by using chi-square contingency tables. 
Kaplan-Meier survival curves were used for life-table 
analyses. that is, to assess diierences in survival in morpho- 
logic subsets, and in the presence of severe mitral or 
tricuspid regurgitation. Cox proportional hazards regression 
model was used to describe the relation between survival 
and explanatory variables (age, gender, cardiac dimensions, 
and so forth). 
Results 
Cardiac diinsions. Ventricular septal thickness ranged 
from 0.7 to 1.6 cm (mean 1.1) and exceeded normal limits 
(51.2 cm) in 19 of the 67 patients. Posterior left ventricular 
free wall thickness ranged from 0.7 to I .7 cm (mean I. I) and 
was al .2 cm in 21 patients. By selection, the left ventricular 
diastolic dimension was abnormally increased in GBC of the 
67 study patients (range 6.0 to 8.2 cm, mean 6.71. As a 
consequence, left ventricular mass wasalso increased (range 
207 to 638 g. mean 340: normal value ~294 g [2&I]). Also by 
selection, systolic performance was impaired in each pa- 
tient; percent fractional shortening ranged from 4% to 24% 
Table 1. Cardiac Dimensions in Two Satsets of 67 Patients With 
Dilated Cardiomyopathy 
(mean 14%) and ejection fraction from 7% to 36% (mean 
2G%l. 
Contpnrboa of cnrdinc dimensions in morphoiogic sub- 
sets of pnrieurs wifh clilared cardiomyoparhy (kbk I). Left 
ventricular wall thickness, diastolic chamber dimension, 
volume. mass (and mass index) and ejection fraction did not 
dil&r in the two subsets of patients. !Iight vee!ricular area 
was greater in the group with retative!y equal left and right 
ventricular chamber enlargement (LV=RV group) than in 
the group with predominant and disproportionate left ven- 
tricular dilation (LV>RV group) (30 2 b vs. 21 2 4cm*, p = 
0.001). 
Noninvasive and invasive bemodymanic tindings (Table 2). 
The presence and severity of mitral and tricuspid regnrgita- 
tion could be assessed in 63 (94%) of the 67 study patients 
with dilaled cardiomyopathy: 38 patients in the LVxRV 
Table 2. Noninvasive and Invasive Hemodynamic Findings in 
Two Subsets of 67 Patients Wirh Dilated Cardiomyopathy 
Figare 2. Doppler colar ROW images 
from two study patients. A, From a 
patient vith relatively equal left and 
right ventticular chamber dilation. The 
Doppler color study shows were mi- 
tral regurgitation (MR) filling the left 
atrium (arrow). Doppler echocardiog 
raphy also revealed severe tricuspid 
regurgitation (not show here). 
B, From a patient with predominantly 
ten vennicuhr chamber enlargement. 
Compared with fmdings in the patient 
in A, there is only mild mitral regurgi- 
tation. There was no evidesce oi tri- 
cuspid r#wgitation. Abbreviations as 
in Figure I. 
group and 25 of the 29 patients in the LV>RV group. The 
presence of severe mitral and tricuspid regurgitation was 
significantly more common in the LV=RV group than in the 
LV>RV group (p = 0.01 for mitral and 0.004 for tricuspid 
regurg&3tion) (l+g. 2). 
Systemic blood pressure did not differ between the two 
subsets of study patients with dilated cardiomyopathy. Pul- 
monary artery systolic pressure measured at cardiac cathe- 
terization (in 21 patients) and with continuous wave Doppler 
echocardiography (in 27 additional patients) was also not 
d#erent in the LV=RV and LVsRV groups (p = NSI. 
Clbtical findings. Fifty (75%) of the 67 patients had expc 
rienced severe cardiac symptoms (New York Heart Aseoci- 
ation functional class III or IV) at some time during their 
clinical course; the remaining 17 patients had reported only 
mild cardiac symptoms (class II). 
Fifty-three patients had evidence of coexistent systemic 
disease, including 33 with documented systemic hyperten- 
sion (blood oressure >I40190 mm He). 1 I with diabetes _ 
mellitus, 9 with renal insufficiency (serum creatinine 
~2.0 mp/dl). Twenty-three patients (34%) gave a history of 
ethanol abuse, but blood alcohol levels were not routinely 
measured. 
Patients were followed up for a mean of 28 months (range 
2 to 69). During this time there were 19 deaths; I2 were due 
to intractable congestive heart failure, 3 to septic shock, I to 
a cerebrovascular accident, 2 to sudden cardiac arrest and I 
to hepatic encephalopathy. 
Fifteen of the 19 patients who died were in the LV=RV 
group and 4 were in the LV>RV group. Kaplan-Meier 
survival curve analysis revealed a statistically significant 
better survival over the follow-up period in the patients with 
dilated cardiomyopathy in the LVXW group, p = 0.03 (Fig. 
3). Survival curves did not differ in patients with or without 
se~re mitral or tricuspid regurgitation. 
Univarlate analysis revealed a highly signilicant relation 
between death and right ventricular diastolic chamber area 
(p = 0.001) and a modest (but statistically insignificant) 
relation to ratio of ventricular chamber areas (p = 0.06). 
However, multivariate regression analysis revealed that only 
right ventricular diastolic chamber area was a statistically 
significant predictor of death in our study patients with 
dilated cardiomyopathy (p < 0.001). No other variable 
evaiuated, including age, gender, ventricular septal thick- 
ness, left ventricular mass, volume, wall stress and ejection 
fraction, was a sigmficant predictor of death. 
Dim&on 
The clinical course of patients with dilated cardiomyop 
athy is generally characterized by progressive deterioration 
of cardiac function, severe symptoms of congestive heart 
failure and, ultimately, death (I-3,6,8.12,14,16,29.30). How- 
ever, the prognosis in this disease is not unifomtly poor, and 
long-term survivors have been reported. Our study demon- 
strates the morphologic heterogeneity that exists within the 
disease spectrum of dilated cardiomyopathy. Thus, although 
left ventricular dilation is the most distinguishing feature of 
figure 3. Kaplan-M&r survival curves in the two morphologic 
subsets of study patients. The top curve lclascd drcks) depicts the 
survival in patients with predominant and disproportionate dilation 
of the left ventricular chamber lLV>RV group). The bcltom cute 
(~rlattgles) depicts the survival in plients with a relalively equal 
degree of left and right ventricular chamber enlargement (LV-RV 
gmup). The LV>RV group had a significantly better survival 
(p = 0.03). 
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ibis disease, we found considerable variability in the relative 
degree of right ventricular chamber enlargement. Our tind- 
ings SO suggest that the degree of right vcnticular dilation 
(relative to that of the left ventricle) appears to be predictive 
of clinical outcome in these patients. 
Previous investigations (2,11,14.15.19.31.32) in patients 
wilh dilated cardiomyopathy have identified several ana- 
tomic and hemodynamic features rhat might serve as predic- 
tors of survival in dilated cardiomyopathy. Left rentricular 
systolic function has been shown by some (2.15.161 to he a 
strong predictor of survival. However, other investigations 
(19) (and the presem study) have shown no consistent 
relation between left ventricular ejection fraction and sur- 
vival. These discrepancies may be due in part to differences 
in patient selection or in severity and duration of disease. 
Left ventricular wall thickness (or mass) has also been 
shown to influence clinical outcome in patients with dilated 
cardiomyopathy. In a necropsy review, Benjamin et al. (I?). 
found that long-term survivors had a greater left ventricular 
wall thickness and heart weight than those of short-term 
survivors, despite comparable degrees of left ventricular 
chamber dilation and systolic function. In addition. some 
studies (I 1.14) have found that the ratio of left ventricular 
volume to mass appears IO be predictive of survival in 
patients with dilated cardiomyopathy. These studies provide 
strong supporting evidence that differences in ventricular 
morphology play an important role in the clinical outconx of 
patients w&h dilated cardiomyopathy. 
Thus, morphologic variability has previously been recog- 
nized among patients with dilated cardiomyopathy. How- 
ever, our present data. particularly with regard to overall 
survival, appear to constitute a previously unrecognized 
observation. Specifically. our study patients with dilated 
cardiomyopathy with predominant and disproportionate di- 
lation of the left ventricle (the LV>RV group) showed 
significantly better survival over rhe follow-up period than 
that of patients with a relatively equal degree of left and right 
ventricular dilation (the LV=RV group). 
Powibk reasons for improved survival in the LV>RV 
group. There are several potential explanations for the 
better overall survival observed in our LV>RV group. 
I) It is possible that the morphologrc subset of patients 
with better overall survival had less absolute left ventricular 
dilation and therefore rcoresent a less advanced segment of 
the disease spectrum. However. left ventricular end- 
diastolic dimension and volume did not differ in patients in 
our two morphologic subsets. Moreover. ejection fraction 
also did not differ, suggesting similar degrees in severity of 
left vemricular dvsfunction. 
2) It is possible that Ihe subset of patients with more 
severe right ventricular dilation (the LV-RV group) had 
more marked pulmonary hypertension. and hcncc poorer 
survival. Indeed, this subset of Patients showed more severe 
mitral and tricuspid regurgitation. However. the available 
cardiac catheterization and Doppler data in our patients 
show no differences in pulmonary artery pressure in the two 
mwpholopc subsets. Moreover, survival did not diRer in 
patients with or without severe mitral or tricuspid rem&a- 
don. Previous investigations (15) in patients with dilated 
cardiomyopathy have al?o failed to show a car&rem rela- 
tian between overall survival and the presence and severity 
of mitral regurgitation or the level of pulmonary artery 
hypertension (measured by invasive techniques). 
31 Pericardial distensibility may have been an impartant 
contributing factor in the relative degree of right ventricular 
dilation in our study patients. That is, reduced per&dial 
distensibility in the presence of marked left ventricular 
enlargement might be expected to result in less dilation of 
the tbm-walled right ventricle because of crowding within 
the pericardial space. We did xct assess pericardial disten- 
sibility in the present echocardiographic study. 
4) Differences in cardiac morphology and survival in ox 
patients with dilated cardiomyopathy may have been a 
consequence of more extensive biventricular involvement of 
tk primary pathologic process (that is, myocardial fibrosis 
and myofibrillar loss) in our subset with more marked right 
ventricular dilation (31). These patients with dilated card& 
myopathy and more extensive biventricular involvement 
might then be expected, as in the present investigation, to 
have poorer overall survival. 
Limitations of study. The present study in patients with 
dilated cardiomyopathy is retrospective in design and thus 
does not control for all variables that may have intluenced 
outcome. In particular, patients were taking a variety of 
medications. The effect of medications on survival was 
analyzed separately and not found to be a significant predic- 
tor of death. Also. all patients did not undergo coronary 
arteriography. Angiographic assessment would have detini- 
lively excluded the presence of coronary artery disease in 
our study patients; however, patients with any evidence of 
ischemic heart disease by clinical history, electrocardio- 
graphy or echocardiography were excluded fmm the study. 
Finally. invasive measuremem of pulmonary artery pressure 
in all patients would have provided support for our conclu- 
sions regarding the lack of correlation between pulmonary 
hypertension and overall mortality. However. ~-70% of our 
patients had pulmonary artery pressure assessed by cardiac 
catheterization or continuous wave Doppler study. These 
data showed no difference in pulmonary artery pressure in 
our *wo subsets of patients with dilated cardiomyopathy. 
Conclusions. Patients with dilated cardiomyopathy show 
morphologic hetemgeneity with regard to the relative degree 
of enlargement of the left and right ventricles. Palients with 
predominant and disproportionate dilation of the left ventri- 
cle appear to have a better overall survival. In comparison, 
patients with a relatively equal degree of left and right 
ventricular dilation represent a subset of patients with 
poorer overall survival. Longitudinal studies are needed ID 
determine whether the morphologic subsets identified repre- 
sent a continuum within the disease spectrum. 
We thank Diane J. Cross and Jane E. Spencer forexpen technical assistance. 
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